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Introduction
Painful crisis is the most common event in children with sickle cell disease (SCD) but the pathogenesis remains poorly understood. Acutely, precipitating factors may include cold, dehydration, infection, and hypoxia and there are epidemiological data suggesting that genotype, early dactylitis, leucocytosis, hemoglobin and hemoglobin F are risk factors for frequent pain. [1] [2] [3] [4] There is increasing evidence that pulse oximetry measurements in sickle cell disease reflect arterial oxygen saturation. 5 Nocturnal desaturation, measured using pulse oximetry, is common in SCD, possibly secondary to upper airway obstruction (UAO). [6] [7] [8] [9] [10] We have previously published the results of a cohort study investigating the relationship between nocturnal hypoxemia and central nervous morbidity; 9 we present here the effect on pain as a secondary endpoint.
Participants and methods
The cohort of 95 patients attending the sickle cell clinic at the Queen Elizabeth 
Results
The mean follow up period from the time of the sleep study was 4.6 (SD 2.85) years.
The mean pain rate was 2.94 (SD 3.8) days per year; 9 of the 95 patients had no pain episodes recorded. There were 2 sickle-related deaths and 6 patients had a stroke.
Chest syndrome was recorded in 12 patients, with a range of episodes per individual of 0 to 8 events. Table 1 For patients who underwent adenotonsillectomy (n=28; 30%), there was a decrease in the number of days in pain from the year before to the year after surgery (3.75 vs.
2.64, a difference of -1.11 (95% ci -2.68, 0.46) days/year), which did not reach statistical significance (p=0.16, paired t-test). 9/27 patients who underwent adenotonsillectomy had sleep study data collected post-as well as pre-operatively because of persistent symptoms, at a median time post-operatively of 4.5 (range 0.5-7) years. Six still had significant dips in SaO 2 as defined above and mean saturation fell 
from an average of 94.8% to 92.9% (difference -1.9% (95% ci -5.9 to 2.0%), p= 0.29).
Interestingly, if the results are split into patients undergoing adenotonsillectomy for OSA (n=11) or for repeated infections (n=17), the OSA patients do not show any correlation with frequency of painful episodes but there was an association for those where the indication was recurrent infection (p= 0.02).
Discussion
In our study, low nocturnal oxygen saturation appears to be highly significantly associated with frequent painful vaso-occlusive crisis in SCD, perhaps because it is one of the factors involved in precipitating hypoxic-ischemi c pathology in bone marrow . Interestingly, lower hemoglobin was associated with more frequent painful crises in these children, in contrast to the previous literature, but in line with our finding that low oxygen saturation is associated with anemia 11 . It is possible that the paradoxical association of higher hemoglobin/hematocrit 3 and oxygen saturation 4 seen in adults with frequent painful crisis is not manifest in early childhood, perhaps because it depends on the degree of adaptive acclimatisation to chronic hypoxemia; future longitudinal studies may elucidate this. Increased viscosity as measured by haematocrit was significantly associated with an increased pain rate.
Our data require confirmation in other populations, as there are sources of bias. This is a hospital-based, rather than a birth cohort which may explain the high proportion of children with at least one painful episode requiring hospital attendance. We did not attempt to measure the experience of pain at home, which has considerable methodological difficulties. At the time of the study, most families in the local community used Queen Elizabeth Hospital for primary care, but with changes in the configuration of health services, children are now more likely to be managed at home
For personal use only. on May 1, 2016. by guest www.bloodjournal.org From and there are now validated methods of assessing pain outside hospital. We did not have the resources to undertake rigorous reproducibility testing of our home sleep studies. Since the mean saturation is a better predictor of frequent pain than frequent dips, it may be possible to screen the population using a short period of daytime pulse oximetry and we are at present investigating the reproducibility of clinic measurements and the correlation with overnight saturation monitoring.
Although UAO is relatively common in the sickle population it may not be the major cause of nocturnal hypoxemia, and in this study adenotonsillectomy did not significantly reduce the number of painful crises. Indeed, the main effect of adenotonsillectomy was seen in patients where the indication for operation was recurrent tonsillitis, suggesting that it is the absence of infection that may be the benefit and that this is the real risk factor in this group. 12 Hypoxemia may persist round the clock, 9 perhaps secondary to mechanisms other than UAO and chronic anemia. The size of the airway may be determined in early life, perhaps explaining why adenotonsillectomy does not always improve the oxygen saturation. 13 Nocturnal hypoxemia might precipitate vaso-occlusion in the lung as well as the bone marrow, with progressive parenchymal lung injury and poor gas exchange; 14 the investigation of this type of vicious cycle would require a longitudinal study with repeated lung function testing. However, it has long been postulated that hypoxia is a physiological precipitating factor in the formation of the sickled cell and it is the basis for avoidance of hypoxic environments, for example in anaesthesia and high altitude travel. 15 The possibility that appropriate management of chronic hypoxemia reduces the incidence of stroke, acute painful crises, and death in children with SCD will be examined in the planned controlled trial, funded by the Stroke Association, of overnight oxygen supplementation. 
